Abstract.
The above mentioned points lead to oil price volatility and besides, increases in other energy prices, rising costs in production input. This induces to fall in productivity and output. The Real Business Cycle Theory is gained to literature by Kydland and Prescott [10] , indicates to oil price volatility which generates fluctuations in production levels of economies and so, in investment and employment opportunities.
Although, in the related literature, the studies mostly examine the oil and gold price volatility, the papers analyze their effects on economic growth are so scarce. The early paper investigated the inversed relation between oil price volatility and economic growth [11] , and some papers [12] examined the relationship between oil price volatility and economic growth in the USA and the other selected countries.
Hamilton [11] made a significant contribution to the literature in which he drew attention to the relation between oil price increases and the macroeconomic variables such as unemployment, GNP in the United States. Adversely to Hamilton, Hooker [11] specified that oil prices have no correlations with the macroeconomic variables so, oil price increases are not Granger cause of GNP or unemployment rate. Following, asymmetric relationship between macroeconomic variables and oil prices was remarked by some papers [13] . On the other hand, some papers [14] analyzed the impact of oil shocks by Markov-Switching method for on the United Kingdom's and the United States' economies. Guo and Kliesen [15] found a significant and negative relationship between crude economic growth and oil prices for the time of 1984-2004 which confirms Hamilton's [16] findings. Cologni and Manera [17] tested the impacts of oil price on G7 economies by using MS-AR and MS-VAR model.
In this regard, this paper aims to examine the impacts of gold and oil price volatility on the business cycle structures of G7 countries (except Japan) which refers to dynamic relationship among oil price, gold price and economic growth. By examining the different business cycle asymmetries, it is purposed to specify the impacts of changes in gold and oil prices on the selected countries' economic growth in the different stages of the economies by using Markov Switching Auto Regressive (MS-AR) and Markov Switching Vector Auto Regressive (MS-VAR) methods.
The data and econometric methodology is shown in the second section. In the third section, the econometric results were identified. Finally, the last section includes the conclusion and policy implications.
2.
Data and Econometric Methodology 2.1 Data In this paper, the dataset was get from the Organization for Economic Cooperation and Development and International Monetary Fund (IMF), individual country statistic, and the Internationally Energy Agency (IEA) statistics for the period from 1968:1through 2015:12 for oil and gold prices; for the period from 1968:1 through 2014:4 for GDP of the countries. However, because of oil price stability, the data covers the period 1973:1-2015:12 and 1972:4-2015:4 was used. The oil price is measured as LOP=log(OPt/OPt-1) and the other variables were obtained as X=log(Xt/ Xt-1) for the MS-ARX and MS-VARX models.
Econometric Methodology
In the first part, MS-AR model is get to investigate the linkage between crude oil and gold prices. In the second part, the results of macroeconomic policy are discussed. While it was utilized from the MS-ARX models for business cycle analysis, in last stage, MS-VARX analysis for other macroeconomic policy result will be discussed.
Markov Switching -AR Model
In his pioneering study, as a choice of stationary linear autoregressive model, Hamilton [16] used a nonlinear simple model of econometric time series with a cyclical and permanent component. Following, Krolzig [18] developed MS-VAR model which enable to analyze nonlinear dynamics and asymmetric structure of business cycles in macroeconomic models, extensively used in applied econometrics. Hamilton [22] modeled Markov Switching chain which allows positive and negative shocks asymmetrically, mostly used for analyzing business cycle fluctuations:
Where 
The Markov chain is irreducible, ergodic. It is presumed that, by using the transition probabilities matrix, st follows an irreducible ergodic state of Markov process:
For the theoretical properties, ergodicity and irreducibility assumptions are essential. With transition probabilities ij p , a two-state Markov chain has unconditional distribution given by: 22 
The 
. Specification of the Model
The dynamic linkages among real GDP of countries, oil price and gold price are tested by adding lagged coefficients and volatility of gold and oil prices. Model specifications are written only for the first model [17] .
Firstly, it is estimated using MSI intercept (MSI) model is
(5) where OPt represents the oil price volatility, APt shows the gold price volatility. Especially in recession periods, the output volatility is varies from the volatility that determines economic conditions by disturbance term variances.
The MSI-heteroskedastic model (MSIH) is the combination of equations (5) 
3.Econometric Results
The procedure of model selection in this paper follows AIC, LL and LR tests.
Univariate MS models
There are two econometric results; the results for volatility of oil and gold prices and the result for countries.
The results for Oil Volatility and Gold Price
In this study, the impact of oil price on the gold price and the impact of gold price on the oil price were analyzed by MSIH(2)-ARX(4) models over 1972(2)-2015(12) period. Firstly, AP was taken as dependent variable. The regime 90 2 is a signal to the persistent phases. This situation describes the presence of important asymmetries. Secondly, oil price is considered as dependent variable. Oil and gold prices have significant effect on each other's. Besides, their standard errors are so high in their first regimes. In regime 1, standard error is larger; this situation suggests higher volatility. The recessionary states show a sharp increase in the standard error variabilities which signify that recession terms are less stable than expansion periods. 
The Results for Countries
In this paper, MS-ARX models were selected for capturing the 2 or 3 regimes for Canada, Germany, Italy, United Kingdom, France and the USA. Table  2 show crisis dating determined by selected models and ECRI crisis dating. In this analysis, OP and AP variables were taken as exogenous for univariate MS(.)-ARX(.) models (Table 2) . Oil prices are determined by oil producer countries' decision and the other factors. Although US and Canada are remarkable oil producer countries, they do not specify oil market price by themselves. The other countries are not sufficient in oil price determination process. Gold prices are settled by the other determinants. For these reasons, oil and gold prices were accepted as exogenous in this study. For Canada it is determined that MSIH(2)-ARX(4) specification presents the best empirical results with statistically significant coefficients. Canadian business cycle reported in Table 2 [19] consider 3-regimes model for the Canadian business cycle. For Canada, the distributed-lag component coefficients of oil-price are statistically significant and negative and the first coefficient of distributed-lag component of AP variable is statistically significant and negative but AP(-2) and AP(-3) are statistically insignificant. The regime 2 is the more persistent than regime 1 with a persistence probability of 0.96. The average duration of each regime, being consistent with this result is varied. Parameter estimations of OP and AP variables accept that price volatilities of oil and gold have small effects on GDP. The roles of oil and gold prices on GDP of Germany are assessed with the MSIA(3)-ARX(4) model in Table 3 . The different stages of economies is associated with three regimes which are high, moderate and null economic growth. In regime 1, the coefficients of OP(-1), OP(-2) and OP(-3) are statistically significant. The parameter estimate of OP(-1) is important with -0.5778. In Regime 1, the effects on GDP of OP are negative and statistically significant. The coefficients of AP except AP(-4) are statistically insignificant but in Regime 2, all coefficients of AP are statistically significant. The coefficients of AP(-2) and AP(-4) are positive and statistically significant in Regime 3, but all parameter estimations are low. In all regimes, the parameter estimations of OP is statistically significant and the parameter estimations of OP(-1) and OP(-2) in regime 1 are high. Regime 2 is moderate growth which is found as the most persistent and it is also verified by the average duration of each regimes. On the other side, the computed probability (i.e. Prob(st = 3|st−1 = 1) = 0.1408) points the low chance of a recession period is succeeded by a high growth period. Also, the computed probability (i.e. Prob(st = 2|st−1 = 1) = 0.0305) reflects the lower chance that recession is followed by a period of high growth. The probability of shifting from high regime of economy to the crisis regime is higher than the probability of shifting to the crisis regime of growth phase. The results of Prob(st = 1|st−1 = 1)=0.8147, Prob(st = 2|st−1 = 2)= 0.8002 and Prob(st = 3|st−1 = 3)= 0.6101 indicate the persistence of regimes. Ergodic probabilities reveal that dominant regime is the second regime and transition probabilities, p11=0.24, p22=0.52 and p33=0.23 report the important asymmetries.
ECRI
For UK, in MSIH(3)-ARX(4) model, as the first regime characterizing the periods, nearly best approximates recession dates reported by ECRI. Regime 2 that is moderate growth phase of economy is found as the most persistent that is affirmed by the average duration of each regime. On the other hand, the estimated probability (i.e. Prob(st = 3|st−1 = 1) = 0.03904) refers to the low chance of a recession term is succeeded by a higher growth period. The results of Prob(st =1|st−1 = 1)=0.911, Prob(st =2|st−1 = 2)= 0.954 and Prob(st =3|st−1 =3)= 0.919 have shown the persistence of regimes. In regime 1, standard error is larger; this situation suggests higher volatility. The recessionary states show a sharp increase in the standard error variabilities which signify that recession terms are less stable than expansion periods. In other respects, moderate growth rate circles are simplified by relatively smaller residual standard errors (Cologni and Manera [17] ).
In Table 4 , MSIH(2)-ARX(4) model was determined for the United States. Altuğ and Bildirici [19] , and Cologni and Manera [17] consider 3-regimes model for the United State's business cycle. The transition probabilities of each of the two regimes refer that the second regime is high in line with Prob(st = 2|st−1 = 2) = 0.9402. The recessionary state signs to a probability succeeded by a higher growth term (Prob(st = 2|st−1 = 1) = 0.049). AP variables except of AP and AP(-4) are statistically insignificant.
For France, in Table 4 , the MSIH(3)-ARX(1) model was chosen to describe the important changes in gold and oil prices. The first regime characterizes the periods which approximate the recession dates of ECRI ( Table 2 ). The estimated probability (i.e. Prob(st = 2|st−1 = 1) = 0.15) signs to low chance of a recession is succeeded by a moderate growth period. On the other hand, the computed probability (i.e. Prob(st= 3|st−1 = 1) = 0.065) reflects the lowest chance that a recession is followed by a period of high growth. The results of Prob(st = 1|st−1 = 1)= 0.7801, Prob(st = 2|st−1 = 2)= 0.932 and Prob(st = 3|st−1 = 3)= 0.9533 sign to the persistence of regimes. Ergodic probabilities show that dominant regime is the second one. This situation indicates to important asymmetries in the business cycle. According to our results, in high growth periods, a sharp increase in standard error variabilities argues that high growth regimes are less stable than the other regimes. On the other side, moderate growth dates are associated to relatively smaller standard errors. The parameter estimation of AP(-1) is very important. The roles of oil and gold prices in Italian GDP are assessed with the MSIH(3)-ARX(4) model (Table 4 ). According to parameter estimations, volatility of oil price has important effects. The first regime characterizes the approximately recession periods of ECRI. Italian economy reflects moderate growth phase that is found as the most persistent, which is also verified by the average duration of each regimes. The possibility of shifting from higher regime of economy to crisis regime is more than the possibility of shifting from rapid growth periods to the crisis regimes. The results of Prob(st = 1|st−1 = 1)= 0.6835,Prob(st = 2|st−1 = 2)= 0.9564 and Prob(st = 3|st−1 = 3)= 0.6761 have determined the persistence of regimes.
Transition probabilities report the important asymmetries in business cycle. In regime 1, standard error is larger; this situation suggests higher volatility. The recessionary state shows a sharp increase in the variability of the standard error which notes that recession periods are less stable than economic expansion periods. The regime 2 signals the most persistent phases. In regime 1, parameter estimations of OP(-1), OP(-2), AP and AP(-1) are negative and important but other parameter estimations of OP and AP variables are very low.
Parameter estimations and the regime specification of the model were significantly improved by asymmetric structures of oil and gold prices. In all models, since the LR test is significant, the oil and gold price variables are statistically significant at any significance levels. It seems that there are effects of oil shocks in crisis and growth phases. In MS-ARX models, the countries were gathered in two groups. The first of which is modelled with two regimes and the others with three regimes. MSIH(2)-ARX(4) model was accepted for Canada and the USA. The results of transition probabilities of regimes determined the persistence of the regimes and the transition probabilities of regimes are very persistent and close to another one. The durations of regime 1 is close to each other for both countries. In the other group, MSIH(3) model for UK and Italy, and MSIA(3) for Germany were accepted. The highest persistence of the transition probabilities of regimes was found for UK and the lowest persistence for Italy. For Italy in regime 1, standard errors are larger; this situation suggests higher volatility. The recessionary states illustrate a sharp increase in the standard error variability which denotes that economic recession periods are less stable than economic expansion periods. In MS-ARX models, the parameter estimations of OP variable are statistically significant. Asymmetries in oil price-macro economy relationship can be moulded by price movements.
3.2.
Other Macroeconomic Policy Results For macro-economic policy analyses, it was used the MSI(3)-VARX(4) models in which AP and OP variables were taken as exogenous (See Table 5 ).To specify regime numbers, firstly, a linear VAR model was tested against a MS-VAR withh2 regimes, and the Ho hypothesis, which hypothesizes linearity, was rejected by using the LR tests statistics. Since it was realized that two regime models invalidating the linear model because they are incapable of explaining the correlations of the variables so, 3 regime models were regarded. Hence, secondly MS-VAR model with 2 regimes was tested against MS-VAR model with 3 regimes; Ho hypothesis implies that there are 2 regimes, were rejected and MS-VAR model with 3 regimes was accepted as the optimal model because LR statistic was greater than the 5% critical value of 2 .  In this study, the number of regimes were determined as 3.
The MSI(3)-VARX(4) model, which describes important changes in GDP of countries, is determined for analysis of effects of the volatility of OP and AP variables. Regime 1 describes crisis regime, regime 2 signs to moderate growth periods and regime 3 is high growth path. Regime 2 is determined to be the most persistent, which is also affirmed by the average duration of each regimes. The results of Prob(st = 1|st−1 = 1)=0.84, Prob(st = 2|st−1 = 2)= 0.93 and Prob(st = 3|st−1 = 3)= 0.82 have showed the regime persistences. Regime probabilities sign that dominant regime is the second one and transition probabilities reported the important asymmetries in business cycle. The estimated probability (i.e. Prob(st = 2|st−1 = 1) = 0.11) reflects the low chance of a recession period is followed by moderate growth period. On the other hand, the estimated probability (i.e. Prob(st = 3|st−1 = 1) = 0.03) gets a lower chance that recession period is followed by a high growth period. Ergodic probabilities present that dominant regime is the second one and transition probabilities report the important asymmetries in business cycles. The regime 2 signals to the most persistent phases.
The economic effects of oil shocks differ from another. Outcome of filtered and smooth probabilities and recursive estimates show these results. The claims of our model is that the oil and gold prices are efficient in all models and oil price variable is important to expound the behavior of business cycle in economies.
Regime shifting of moderate regimes are represented by higher growth rates of real GDP in MS-VARX models, some coefficients of oil price variable are negative and statistically significant. So, it can be interpreted that a negative impact of oil shocks on business cycle may occur. 
